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1

DISPLAY APPARATUS AND METHOD FOR
DISPLAYING

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s a continuation application of prior
application Ser. No. 15/093,119, filed on Apr. 7, 2016, which

was based on and claimed priority under 35 U.S.C. § 119(a)
of a Korean patent application number 10-2015-0053875,
filed on Apr. 16, 2013, 1n the Korean Intellectual Property
Ofhlice, the disclosure of which 1s mncorporated by reference
herein 1n 1ts entirety.

TECHNICAL FIELD

The present disclosure relates to a display apparatus and
a method for displaying. More particularly, the present
disclosure relates to a display apparatus capable of adjusting
a screen size a tlexible display adaptively according to a size
ol a content.

BACKGROUND

With the development of mformation-oriented society, a
demand for display apparatuses have increased, and
recently, various display apparatus such as a liquid crystal
display (LCD) device, a plasma display panel (PDP), an
clectro luminescent display (ELD), a vacuum fluorescent
display (VFD), and the like, have been researched and used.

From among the display apparatuses, a tlexible display
apparatus, which 1s not damaged even if the apparatus is
tolded or rolled, will be expected to be rising technology 1n
the field of a display.

Currently, various obstacles are present in embodying a
flexible display apparatus; however, with the development
of technology, a thin film LCD device, an organic light
emitting diodes (OLED) device, an electrophoretic display,
and the like, have been subjects of development.

As such, a flexible display may change a size of a screen
displayed to a user by folding or rolling the display, but 1n
the related art, a change of screen size was only used to
move a display apparatus. That 1s, when used, a flexible
display apparatus was unifolded, and when not used, the
flexible display apparatus was rolled and stored.

Also, 1n the related art, only a user interaction 1n a flexible
display apparatus of a portable size which may be carried
around by a user was considered, and not an interaction 1n
a tlexible display apparatus of a large size which 1s furnished
in household.

The above information 1s presented as background infor-
mation only to assist with an understanding of the present
disclosure. No determination has been made, and no asser-
tion 1s made, as to whether any of the above might be
applicable as prior art with regard to the present disclosure.

SUMMARY

Aspects of the present disclosure are to address at least the
above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accord-
ingly, an aspect ol the present disclosure 1s to provide a
display apparatus capable of adjusting a screen size of a
flexible display adaptively according to a size of a content
and a method for displaying.

In accordance with an aspect of the present disclosure, a
display apparatus 1s provided. The display apparatus
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includes a flexible display to display an image, a dniver to
vary a screen size of the flexible display, and a processor to
control the driver to display an image corresponding to the
content at a screen size corresponding to a size ol a content
to be displayed 1n the flexible display.

In this case, the processor may determine a screen ratio of
the content, and control the driver such that the flexible
display has a screen size corresponding to the determined
screen ratio.

The flexible display has a display area which 1s flat and
which 1s rollable towards one side, and the driver may vary
a screen size of the flexible display by rolling part of the
display area.

In this case, the driver may vary a width of the flexible
display by rolling the display area 1n a horizontal direction
of the display apparatus.

Meanwhile, the processor may, 1n response to a particular
event occurring, control the driver and the flexible display
such that a user interface (Ul) element corresponding to the
particular event 1s displayed at a screen size corresponding
to the Ul element.

In this case, the particular event 1s a command to drive a
smart television (1V) function, and the processor may
control a channel list to be displayed at a preset first screen
s1ze, and 1n response to any one of the displayed channel list
being selected, control a content corresponding to the
selected channel to be displayed at a second screen size
which 1s larger than the first screen size.

Meanwhile, the particular event 1s a reception of a noti-
fication message regarding an event or state change occurred
in a device connected to the apparatus within a home
network, and the processor may control the notification
message to be displayed at a preset first screen size, and in
response to the notification message being selected, controls
device mformation corresponding to the notification mes-
sage to be displayed at a second screen size which 1s larger
than the first screen size.

Meanwhile, the processor may, while changing a screen
s1ize of the flexible display, vary a size of an 1mage corre-
sponding to the content and display the image.

Alternatively, the processor may, while changing a screen
size of the flexible display, fix a size of an 1mage corre-
sponding to the content and display the 1mage.

Alternatively, the processor may, while changing a screen
s1ze of the flexible display, further control an 1mage corre-
sponding to the content not to be displayed.

Meanwhile, the processor may, while changing a screen
size of the flexible display, further display a Ul element
unrelated to the content.

Meanwhile, the present display apparatus further includes
a communication interface which receives screen size inifor-
mation from an external apparatus, and the processor may
control the driver to display the image at a screen size
corresponding to the received size information.

In accordance with another aspect of the present disclo-
sure, a displaying method of a display apparatus 1s provided.
The display method including a flexible display includes
determining a screen size of the tlexible display correspond-
ing to a size of a content to be displayed in the flexible
display, changing a screen size of the flexible display to have
the determined screen size, and displaying an image corre-
sponding to the content using the tlexible display.

In this case, the determining may include determining a
screen ratio of the content, and determining a screen size
corresponding to the determined screen ratio.
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Meanwhile, the changing may include changing a width
of the flexible display by rolling a display area which 1s flat
in a horizontal direction of the display apparatus.

Meanwhile, the determining may include, in response to
a particular event occurring, determining a screen Size
corresponding to a screen ratio of a Ul element correspond-
ing to the particular event, and the displaying may include
displaying the Ul element.

Meanwhile, the displaying may, while changing a screen
size of the flexible display, vary a size of an 1image corre-
sponding to the content and display the image.

Meanwhile, the displaying may, while changing a screen
size ol the flexible display, {ix a size of an 1mage corre-
sponding to the content and display the image.

Other aspects, advantages, and salient features of the
disclosure will become apparent to those skilled 1n the art
from the following detailed description, which, taken in
conjunction with the annexed drawings, discloses various
embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the present disclosure will be more
apparent from the following description taken in conjunction
with the accompanying drawings, 1n which:

FIG. 1 1s a block diagram illustrating brietly a configu-
ration of a display apparatus according to an embodiment of
the present disclosure;

FIGS. 2, 3, and 4 are views 1llustrating specific forms of
a flexible display according to various embodiments of the
present disclosure;

FIG. 5A 1s a block diagram 1llustrating 1n detail a con-
figuration of display apparatus according to an embodiment
of the present disclosure;

FIG. 5B 1s a view 1llustrating an example of a software
configuration of a user terminal device according to an
embodiment of the present disclosure;

FIGS. 6A to 6C, 7A to 7E, 8A to 8C, 9A to 9C, 10A to
108, 11A to 11B, 12A to 12C, 13A to 13B, 14A to 14C, 15A
to 15B, and 16A to 16C are views provided to explain
various embodiments to control a display apparatus using a
flexible display according to various embodiments of the

present disclosure;
FIGS. 17A to 17D, 18, and 19 are views provided to

explain various embodiments to control a display apparatus
using an external apparatus according to various embodi-
ments of the present disclosure;

FIG. 20 1s a flow chart provided to explain a method of
controlling a display apparatus including a flexible display
according to an embodiment of the present disclosure; and

FIGS. 21 and 22 are flowcharts provided to explain
specifically a determining operation of FIG. 20 according to
various embodiments of the present disclosure.

Throughout the drawings, like reference numerals will be
understood to refer to like parts, components, and structures.

DETAILED DESCRIPTION

The following description with reference to the accom-
panying drawings 1s provided to assist in a comprehensive
understanding of various embodiments of the present dis-
closure as defined by the claims and their equivalents. It
includes various specific details to assist 1n that understand-
ing but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill 1n the art will recognize
that various changes and modifications of the various
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embodiments described herein can be made without depart-
ing from the scope and spirit of the present disclosure. In
addition, descriptions of well-known functions and con-
structions may be omitted for clarity and conciseness.

The terms and words used 1n the following description
and claims are not limited to the bibliographical meanings,
but, are merely used by the inventor to enable a clear and
consistent understanding of the present disclosure. Accord-
ingly, it should be apparent to those skilled 1n the art that the
tollowing description of various embodiments of the present
disclosure 1s provided for 1llustration purpose only and not
for the purpose of limiting the present disclosure as defined
by the appended claims and their equivalents.

It 1s to be understood that the singular forms “a,” “an,”
and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a com-
ponent surface” includes reference to one or more of such
surtaces.

Terms such as first and second, and the like, may be used
to distinguish one entity from another entity, without nec-
essarilly implying any actual relationship or order between
such entities.

The terms, “include,” “comprise,” “1s configured to,” eftc.
of the description are used to indicate the existence of
features, numbers, operations, elements, parts or combina-
tion thereol, and do not exclude the possibilities of combi-
nation or addition of one or more features, numbers, opera-
tions, elements, parts or combination thereof.

In an embodiment, ‘a module’ or ‘a unit” performs at least
one function or operation, and may be realized as hardware,
firmware, software, or combination thereof. In addition, a
plurality of ‘modules’ or a plurality of ‘units’ may be
integrated 1nto at least one module and may be realized as at
least one processor (not 1llustrated) except for ‘modules’ or
“units’ that should be realized 1n a specific hardware.

Heremafiter, the present disclosure will be described 1n
detail with reference to the accompanying drawings.

FIG. 1 1s a block diagram illustrating an example of a
basic configuration of a display apparatus according to
various embodiments of the present disclosure. The display
apparatus 100 of FIG. 1 may be embodied as various types
ol apparatuses, such as television (TV), personal computer
(PC), laptop PC, mobile phone, tablet PC, personal digital
assistant (PDA), Moving Picture Experts Group phase 1 or
phase 2 (MPEG-1 or MPEG-2) audio layer 3 (MP3) player,
kiosk, electronic frame, table display device, and the like.
When the display device 1s embodied as a portable-type
device, such as a mobile phone, a tablet PC, a PDA, an MP3
player, a laptop PC, and the like, the display device may be
called a mobile device, but 1t will be described as a display
apparatus as a whole 1n the present specification.

Referring to FIG. 1, a display apparatus 100 includes a
flexible display 110, a driver 120, and a processor 130.

The flexible display 110 may be bent from a flat state, and
may be tlat again from a bent state. Specifically, the flexible
display 110 has an area which 1s flat and can be rolled to one
side, and when part of a display area 1s rolled, the display
areca may be divided into a main area which displays an
image and an area to be rolled which does not display an
image.

In addition, the flexible display 110 displays an image.
Specifically, the flexible display 110 may display an image
on a display area which 1s not rolled, from among the entire
area of the flexible display 110.

The driver 120 1s configured to change a screen size of the
flexible display 110. Specifically, the driver 120 may change
a screen size of the flexible display 110 by rolling part of the
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flexible display 110. For example, when the tlexible display
110 may be rolled in a horizontal direction, the driver 120
may roll a display area in a horizontal direction of the

flexible display 110 and change a horizontal length of the
flexible display 110.

The processor 130 1s configured to control each compo-
nent 1n the display apparatus 100. Specifically, the processor
130 may detect a size at which a content will be displayed
in the tlexible display 110, and determine a screen size of the
flexible display 110 which correspond to the detected size of
the content. For example, when the flexible display 110 may
change 1ts horizontal length by being rolled in a horizontal
direction, a vertical length 1s fixed. Therefore, the processor
130 may determine a screen ratio of the content, and
calculate a horizontal length based on the fixed vertical
length and the screen ratio of the content, and control the
driver 120 to have the calculated horizontal length.

In addition, the processor 130 i1s configured to detect
whether a particular event has occurred. In this case, an
event may be set 1n various ways, such as an event where a
user gesture 1s detected, an event where a system alarm 1s
generated, an event where a particular program 1s executed
or ended, and the like.

In addition, the processor 130 may control the driver 120
and the tlexible display 110 to control a user interface (UI)
clement corresponding to a particular event to be displayed
at a screen size corresponding to the Ul element. A type,
display method, layout, and the like, of a content displayed
in the tlexible display 110 may be changed in various ways
according to various embodiments. The above will be
described i1n detail below. In this case, a Ul element 1s a
graphic object which may be displayed 1n a display appa-
ratus. The Ul element may be a content itself, or may be an
image, a graphic 1image, and a video, and the like, such as a
thumbnail and icon with respect to the content, an 1con
corresponding to a menu, and etc.

As described above, the display apparatus 100 according
to an embodiment may automatically change a size of the
flexible display 110 adaptively to a size of a content, and a
distortion of an 1mage or an eflicient use of a display may
thus be prevented. In addition, various user interfaces may
be provided in response to a shape of a display apparatus.

FIGS. 2 to 4 are views 1llustrating specific shapes of a
flexible display 110 according to various embodiments of
the present disclosure. Specifically, FIG. 2 1s a view 1llus-
trating a flexible display 110 of which the enftire area 1s
rolled, FIG. 3 1s a view 1illustrating a flexible display 110 of
which one side 1s rolled, and FIG. 4 1s a view 1llustrating a
flexible display 110 of which both sides are rolled.

Referring to FIGS. 2 and 3, an area to be rolled refers to
the entire area 1n which a flexible display apparatus 1s bent
and 1s 1n a rolled state. As 1in FIG. 2, the entire area of a
flexible display apparatus may be defined as an area to be
rolled, when the tlexible display 110 1s rolled as a whole, and
as 1n FIG. 3, a flexible display 110" may be partially rolled.

As 1llustrated i FIG. 3, the flexible display 110" may be
divided into a flat display area and a rolling area. In this case,
an 1mage may be only displayed in the display area. Accord-
ingly, the display apparatus 100 may change a screen size of
a display by adjusting an area of the rolling area.

Meanwhile, 1t was described 1n FIG. 3 that a rolling area
1s only disposed 1n an area on the right side of the display
area, but a rolling area of a flexible display 110" may be
disposed on each of the left and right sides of a display area,
as 1llustrated 1n FIG. 4. In this case, it has the advantage of
changing a screen size of a display more quickly than FIG.
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3. In this case, a rolling area to be rolled may be only stored
in a main body of the display apparatus 100.

Meanwhile, 1t was described above that only a horizontal
length of the flexible display 1s adjusted, but it may be
embodied such that the flexible display 1s rolled in the
direction of y-axis.

Meanwhile, 1t 1s beneficial that the rolling 1s carried out 1n
the x-axis direction to provide various screen ratios. Spe-
cifically, a state-oi-the-art display apparatus has a screen
ratio of which the horizontal length 1s longer, such as 16:9
or 21:9, to display an image, such as a movie. When
adjusting a horizontal length, a screen ratio that 1s more
advantageous 1n providing an image, such as a ratio of a
square (1:1), may be provided.

FIG. 5A 1s a block diagram 1illustrating a detailed con-
figuration of a display apparatus according to an embodi-
ment of the present disclosure.

Referring to FIG. 5A, a display apparatus 100 may
include a tlexible display 110, a driver 120, a processor 130,
a storage 140, a communication interface 150, a speech
recognition unit 160, a motion recognition unit 170, a sensor
180, a speaker 185, and external input ports 190-1 to 190-7.

The flexible display 110 1s flexible. The flexible display
110 may be embodied as various forms of displays, such as
a liquid crystal display (LCD), an organic light emitting
diodes (OLED) display, a plasma display panel (PDP), and
the like. The flexible display 110 may include a drniving
circuit which may be embodied 1n the form of amorphous
silicon (a-S1) thin film transistor (TFT), low temperature
poly silicon (LTPS) TF'T, organic TFT (OTFT), and the like,
a backlight unit, and etc. Meanwhile, the flexible display 110
may be combined with a touch sensor and be embodied as
a flexible touch screen.

In this case, the touch sensor may include at least one of
a touch panel and a pen recogmition panel. The touch panel
may detect mput of a finger gesture of a user, and output a
touch event value corresponding to the detected touch
signal. The touch panel may be completely mounted under
all areas of the tlexible display 110 or may be only mounted
under part of the areas of the flexible display 110. A method
for detecting, by a touch panel, input of a finger gesture may
include an electrostatic method and a pressure sensing type
method. The electrostatic method 1s a method to calculate a
touch coordinate by detecting nano electricity caused to a
user’s body. The pressure sensing method includes two
clectrode plates included in a touch panel, to calculate a
touch coordinate by detecting a flow of current caused by a
touch between upper and lower plates of a point of touch
input.

The pen recognition panel may detect mput of a pen
gesture ol a user according to an operation of a touch pen
(for example, stylus pen) and a digitizer pen, and output a
pen approach event value or a pen touch event value. The
pen recognition panel may be mounted under at least one of
a main area and a plurality of sub areas of the flexible display
110.

The pen recognition panel may be embodied, for example,
in the electromagnetic resonance (EMR) method, and may
detect input of a touch or an approach according to a change
in strength of electromagnetic field by approach or touch of
a pen. In more detail, the pen recognition panel may be
configured to include electronic induction coil sensor (not
illustrated) having a grid structure and an electronic signal
controller (not 1llustrated) to sequentially provide an alter-
nating current (AC) signal having a predetermined 1re-
quency to each loop coil of the electronic induction coil
SEeNsor.
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When a pen including a resonant circuit 1s near a loop coil
of such pen recognition panel, a magnetic field transmaitted
from the corresponding loop coil generates a current based
on a mutual electronic induction to a resonant circuit in the
pen. Based on this current, an inductive magnetic field 1s
generated from a coil constituting the resonant circuit 1n the
pen, and the pen recognition panel may detect this inductive
magnetic field from a loop coil 1n a signal reception state to
detect an approach position or a touch position of the pen.

The driver 120 1s configured change a screen size of the
flexible display 110. Specifically, the driver 120 may 1nclude
a rotation roller capable of rolling partial area of the flexible
display 110, and etc. Also, the driver 120 may drive the
alorementioned moving member and motor to change a
screen size of the flexible display 110. For example, when
the tlexible display 110 may change 1ts horizontal length by
rolling in the horizontal direction, the driver 120 may roll a
display area in the horizontal direction of the flexible display
110 to change the horizontal length of the flexible display.

The processor 130 may display an image 1n a display area
(an 1mage display area other than a rolling area) of the
flexible display 110 using a program or data stored in the
storage 140. In addition, the processor 130, in response to an

event occurring, performs a control operation corresponding
to the event.

The processor 130 may include a random access memory
(RAM) (not 1illustrated), a read only memory (ROM) (not
illustrated), a central processing unit (CPU) (not illustrated),
a graphics processing unit (GPU) (not 1illustrated), and bus
(not illustrated). The RAM, the ROM, the CPU, the GPU,
and the like, may be connected to each other through the bus.

The CPU 1s configured to access the storage 140 and
perform booting using an operating system (OS) stored in
the storage 140. In addition, the CPU performs various
operations using various programs, content, data, and the
like, stored 1n the storage 140.

The ROM 1s configured to store an instruction set for
system booting, and the like. When a turn-on command 1s
input and power 1s supplied, the CPU 1s configured to copy
an OS stored 1n the storage 140 onto a RAM according to an
instruction command stored 1n a ROM, and to boot a system
by executing the OS. When the booting 1s complete, the
CPU 1s configured to copy various programs stored in the
storage 140 onto the RAM, and to perform various opera-
tions by executed the programs copied onto the RAM. The
GPU 1s configured to, when the booting of the display
apparatus 100 1s complete, display a Ul screen 1n a display
area. Specifically, the GPU may generate a screen including
various objects, such as an 1con, an 1mage, a text, and the
like, using a computation unit (not illustrated) and a render-
ing unit (not 1llustrated). The computation unit 1s configured
to compute an attribute value, such as a coordinate value, to
which each of the objects 1s to be displayed, a form, a size,
a color, and the like, according to a layout of the screen. The
rendering unit 1s configured to generate a screen of various
layouts including an object based on the attribute value
computed 1n the computation unit. The screen generated 1n
the rendering unit may be provided to the flexible display
110 and displayed in the display area of the flexible display
110.

The storage 140 may store various programs or data
associated with operations of the display apparatus 100,
setting information set by a user, a system operating soft-
ware, various application programs, information regarding,
operations corresponding to user manipulations, and the

like.
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The sensor 180 may detect a bending state and a touch
state of the entire display apparatus 100 as well as the
flexible display 110. The sensor 180 may include various
types of sensors, such as a touch sensor, a geo-magnetic
sensor, an acceleration sensor, a bend sensor, a pressure
sensor, a proximity sensor, a grip sensor, and the like.

In this case, the touch sensor may be embodied as a
capacitive type or a pressure-sensing type. The capacitive
type 1s a method to calculate a touch coordinate by detecting
a nano electricity caused to a body of a user when part of
body of the user touches a surface of a tlexible display, based
on a dielectric substance laminated onto the surface of the
flexible display. The pressure-sensing type, which includes
two electrode plates, 1s a method to calculate a touch
coordinate by, when a user touches a screen, detecting
flowing of a current when the upper plate and the lower plate
touch at a point of touch iput. The touch sensor may be
embodied 1n various forms as described above.

The geo-magnetic sensor 1s a sensor to detect a rotation
state and a moving direction of the display apparatus 100,
and the acceleration sensor 1s a sensor to detect the degree
of inclination of the display apparatus 100. As described
above, the geo-magnetic sensor and the acceleration sensor
may be respectively used to detect bending characteristics,
such as a bending direction, a bending area, and the like, of
the display apparatus 100, but may be additionally used to
detect a rotation state or an inclined state of the display
apparatus.

The bend sensor may be embodied as various forms and
various numbers, and detect a bending state of the flexible
display 110.

The pressure sensor 1s configured to, when a user per-
forms touch or a bending operation, detect a size of a
pressure applied to the tlexible display 110 and provide the
s1ze of the pressure to the processor 130. The pressure sensor
may be mounted in the flexible display 110, and include a
piezo film to output an electric signal corresponding to the
s1ze of the pressure. Meanwhile, when the touch sensor 1s
embodied as a pressure-sensing type touch sensor, the
pressure-sensing type touch sensor may serve as a pressure
sensor as well.

The pressure sensor 1s a sensor to detect a motion which
approaches to, without directly touching, a surface of a
display. The pressure sensor may be embodied as a sensor of
vartous forms, such as a high frequency oscillator type
which detects current induced by magnetic field attributes
that 1s changed when an object approaches, a magnetic type
which uses a magnet, and an electrostatic capacitance type
which detects capacitance that 1s changed due to approach of

target object.

The grip sensor 1s a sensor which 1s disposed 1n an edge
or a handle of the display apparatus 100 independent from
the pressure sensor, and detects a grip of a user. The grip
sensor may be embodied as a pressure sensor or a touch
SENSOr.

The processor 130 may analyze various detection signals
detected 1n the sensor 180 and identily a user’s intention,
and perform an operation conforming to the intention. As an
example, the processor 130 may process data acquired
through communication with an external apparatus or data
stored 1n the storage 140 and output the data through the
flexible display 110, the speaker 185, and the like. In this
case, the processor 130 may communicate with the external
apparatus using the communication interface 1350.

The communication interface 150 1s configured to com-
municate with various types of external apparatuses accord-
ing to various types of communication methods. The com-
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munication interface 150 may include a broadcast reception
module 151, a near field wireless communication module
152, a global positioning system (GPS) module 133, a
wireless communication module 154, and the like.

In this case, the broadcast reception module 151 may
include a terrestrial broadcast reception module (not 1llus-
trated) which includes an antenna, a demodulator, an equal-
izer, and the like, to receive a terrestrial broadcast signal, a
digital multimedia broadcasting (DMB) module to receive
and process a DMB broadcast signal, and etc. The near field
wireless communication module 152 1s a module to com-
municate with an external apparatus located 1n a proximate
distance according to a near field wireless communication
method, such as near field communication (NFC), Blu-
ctooth, ZigBee, or the like.

The GPS module 153 1s a module to receive a GPS signal
from a GPS satellite and detect a current position of the
display apparatus 100. The wireless communication module
154 1s a module which communicates by being connected to
an external network according to a wireless communication
protocol, such as Wik1, Institute of Electrical and Electronics
Engineers (IEEE), and the like. Additionally, the wireless
communication module 154 may further include a mobile
communication module which communicates by accessing a
mobile communication network according to various mobile
communication specifications, such as a 3rd generation
(3G), a 3rd generation partnership project (3GPP), a long
term evolution (LTE), and the like.

The processor 130 may perform an operation by selec-
tively activating elements required to perform an operation
intended by a user from among elements of the alforemen-
tioned communication interface 150.

Meanwhile, the processor 130 may also recognize a voice
input or a motion input other than a bending operation or a
touch operation and perform an operation corresponding to
that mnput. In this case, the processor 130 may activate the
voice recognition unit or the motion recognition unit 170.

The speech recognition unit 160 1s configured to collect a
voice or a user or external sounds using a sound acquisition
means, such as a microphone (not illustrated), and then
transmit the same to the processor 130. The processor 130
may, in the state that the processor 130 1s operated 1n a voice
control mode, when a voice of a user 1s consistent with a
predetermined voice command, perform a task correspond-
ing to the user voice. A task controllable using a voice may
include various tasks, such as screen size adjustment, vol-
ume adjustment, channel selection, channel japing, display
attribute adjustment, reproduction, pause, rewind, fast for-
ward, application execution, menu selection, turning on
apparatus, turning oil apparatus, and the like.

Meanwhile, the motion recognition unit 170 1s configured
to acquire an 1mage of a user using an 1mage photographing,
means (not illustrated), such as a camera, and then provide
the acquired image to the processor 130. If the processor 130
1s operated 1 a motion control mode, the processor 130 1s
configured to analyze the user image and, when it 1s deter-
mined that the user made a motion gesture corresponding to
a preset motion command, perform an operation correspond-
ing to the motion gesture. For example, various tasks, such
as screen size adjustment, channel japing, turning on appa-
ratus, turn ofl apparatus, pause, reproduction, pause, rewind,
fast forward, mute, and the like, may be controlled by a
motion. The aforementioned examples of a task controllable
by voice, a task controllable by motion, and the like, are
merely examples, and 1t 1s not limited thereto.

Other than the above, external input ports 1, 2 to n 190-1
to 190-» may be respectively connected to various types of
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external apparatuses, and receirve various data programs,
control commands, and the like. Specifically, the external
input ports may include a universal serial bus (USB) port, a
headset port, a mouse port, a local area network (LAN) port,
and the like.

Additionally, although not 1llustrated 1n FIG. SA, accord-
ing to an embodiment, the display apparatus 100 may as well
include therein a USB port to which a USB connector may
be connected, various external iput ports to connect to
various external terminals, such as a headset, a mouse, a
L AN, and the like, a DMB chip which receives and pro-
cesses a DMB signal, various sensors, and the like.

Meanwhile, as described above, the storage 140 may store
various programs.

FIG. 5B 1s a view to explain a structure of a software
stored 1n the display apparatus 100 according to an embodi-
ment of the present disclosure. According to FIG. 3B, the
storage 140 may store a software including an OS 510, a
kernel 520, a middleware 530, an application module 540,

and the like.

Referring to FIG. 5B, the OS 510 1s configured to perform
a Tunction of controlling and managing an overall operation
of a hardware. That 1s, the OS 510 1s a class 1n charge of
basic functions, such as hardware management, memory,
security, and the like.

The kernel 520 serves as a channel through which various
signals, such as a touch signal detected 1n the flexible display
110, are transmitted to the middleware 530.

The middleware 530 includes various software modules
to control operations of the display apparatus 100. Accord-
ing to FIG. 5B, the middleware 530 includes an X11 module
530-1, an APP manager 530-2, a connection manager 530-3,
a security module 530-4, a system manager 530-5, a mul-
timedia framework 530-6, a Ul framework 530-7, a window
manager 330-8, and a sub UI framework 3530-9.

The X11 module 330-1 1s a module to receive various
event signals from various hardware included 1n the display
apparatus 100. In this case, the event may be set 1n various
ways, such as an event that a user gesture 1s detected, an
event that a system alarm occurs, an event that a particular
program 1s executed or ended, and the like.

The APP manager 530-2 i1s a module to manage an
execution state of various applications 540 installed 1n the
storage 140. The APP manager 530-2 1s configured to, when
an application execution event i1s detected from the X11
module 530-1, call an application corresponding to the event
and execute the application.

The connection manager 330-3 1s a module to support a
wired or wireless network connection. The connection mod-
ule 530-3 may include various detailed modules, such as a
DNET module, a universal plug and play (UPnP) module,
and the like.

The security module 530-4 1s a module to support a
certification, permission, secure storage, and the like, with
respect to hardware.

The system manager 330-5 1s configured to monitor a
state of each of the elements 1n the display apparatus 100,
and to provide the monitoring result to other modules. For
example, 1n the cases of lack of battery, errors, disconnection
from network, and the like, the system manager 530-5 may
provide the monitoring result to a main Ul framework 530-7
or a sub Ul framework 530-9 and output a notification
message or an alert sound.

The multimedia framework 330-6 1s a module to repro-
duce multimedia content which 1s stored in the display
apparatus 100 or 1s provided from an external source. The
multimedia framework 530-6 may include a player module,
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a camcorder module, a sound processing module, and the
like. Accordingly, the multimedia framework 530-6 may
generate a screen and sound corresponding to various mul-
timedia content and reproduce the same.

The main Ul framework 530-7 1s a module to provide
various Uls to be displayed 1n the flexible display 110, and

the sub UI framework 530-9 1s a module to, when the sub Ul
framework 1ncludes a sub area, provide various Uls to be
displayed in the corresponding sub area. The main UI
framework 530-7 and the sub Ul framework 530-9 may
include an 1image compositor module to configure various
objects, a coordinate compositor module to calculate coor-
dinates on which the objects are to be marked, and a
rendering module to render the configured objects to the
calculated coordinates, a two-dimensional or three-dimen-
sional Ul tool kit which provides a tool to configure a
two-dimensional or three-dimensional U, and the like.
The window manager 330-8 may detect a touch event or
other input events using a body of a user or using a pen. The
window manager 530-8 1s configured to, when such event 1s

detected, transmit an event signal to the main Ul framework
530-7 or the sub Ul framework 330-9 and control an
operation corresponding to the event to be performed.

Other than the above, the middleware may store various
program modules, such as a writing module to, when a user
touch-and-drags the screen, draw a line according to the
trace of the drag, a position calculation module to calculate
a user position based on a ultrasonic sensor value detected
in the sensor 180, a sight calculation module to calculate a
direction of a user sight of a user 1image photographed 1n a
photographing umt (not illustrated), or the like.

The application module 540 includes applications 540-1
to 540-n to support various functions. For example, the
application module may include a program module to pro-
vide various services, such as a GPS program module, a
game module, an electronic book module, a calendar mod-
ule, an alarm management module, and the like. Such
applications may be 1nstalled in default, and may as well be
arbitrarily installed 1n the usage process and used. The CPU
230 may, when an object 1s selected, execute an application
corresponding to the selected object using the application
module 540.

The software structure illustrated in FIG. 5B 1s merely an
example, and it 1s thus not limited thereto. Accordingly,
some of the elements may as well be omitted, modified, or
added as needed. For example, the storage 140 may addi-
tionally have various programs, such as a sensing module to
analyze signals sensed by various sensors, a messaging
module including a messenger program, a short message
service (SMS) and multimedia message service (MMS)
program, and an e-mail program, a call info aggregator
program module, a voice over Internet protocol (VoIP)
module, a web browser module, or the like.

Meanwhile, as described above, the display apparatus 100
may be embodied as various types of apparatus, such as a
mobile phone, a tablet PC, a laptop PC, a PDA, a MP3
player, an electronic frame apparatus, a TV, a PC, a kiosk,
and the like. Accordingly, the features described in FIGS. SA
and 5B may be modified 1n various ways according to a type
of the display apparatus 100.

As described above, the display apparatus 100 may be
embodied in various forms and configurations. The proces-
sor 130 of the display apparatus 100 may support various
user interactions according to an embodiment.

Hereinafter, a method of user interaction according to
various embodiments will be described 1n detail.
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As an embodiment, the processor 130 1s configured to
determine whether to change a screen size of the display
apparatus 100. Specifically, the processor 130 1s configured
to determine a screen size (or screen ratio) of a content to be
displayed 1n the display 100, and to identify a current screen
s1ze (or display area) of the display 100.

Accordingly, when the current screen size and the screen
s1ize of the content are different from each other, the pro-
cessor 130 may determine to change the screen size of the
display 100, and control the driver 120 such that the current
screen size 1s 1dentical to the screen size corresponding to
the content. Then, the processor 130 may display an image
corresponding to a new content on a display area of which
s1Zze 1s changed.

Meanwhile, when the current screen size and the screen
s1ze ol the content are i1dentical to each other, the processor
130 may control a new content to be displayed immediately
on a display area of the flexible display 110 without chang-
ing of screen size of the flexible display 110.

In a situation as such, when a particular event occurs, the
processor 130 may display a Ul element corresponding to
the particular event on the flexible display. In this case, the
processor 130 may, when the Ul element which corresponds
to the particular event and 1s displayed differs from the
current screen size, control the driver 120 such that the
flexible display 110 has a screen size that 1s the same as the
screen size corresponding to the Ul element.

For example, when a user recognition 1s complete as a
result of voice recognition, face recognition, and the like, as
illustrated 1n FIG. 6A, the flexible display 610 may display
information corresponding to a user account. When the user
account 1s certified, the flexible display 620 may display a
content frequently watched by the user or a recently-
watched content in the form of menu Ul, as illustrated in
FIG. 6B.

In this case, when a user selects any one content, a flexible
display 630 may be enlarged to a screen size corresponding
to the content selected by the user—tor example, the tlexible
display 630 1s enlarged in a horizontal direction as 1llustrated
in FIG. 6C—and display the content selected by the user 1n
the enlarged screen.

FIGS. 6A to 6C are views provided to explain various
embodiments to control a display apparatus using a flexible
display according to various embodiments of the present
disclosure.

Meanwhile, as for the flexible display 110 1n the 1llus-
trated embodiment, when the flexible display 110 1s dis-
posed as 1n FIG. 4, a rolling area on the leit side 1s rolled nto
a rotation roller within a left body of the display apparatus,
and a rolling area on the right side 1s rolled into a rotation
roller within a right body of the display apparatus. Thus,
flexible display 110 may be rolled or unrolled to vary a size
of a display apparatus. In some embodiments, different sides
may be rolled or unrolled independently.

FIGS. 7A to 7E are views 1llustrating an example of a user
interface window when a display apparatus 1s 1n a content
reproduction mode according to various embodiments of the
present disclosure.

Referring to FIG. 7A, the content reproduction mode 1s a
mode to display a content reproducible in the display
apparatus 710. When a user selects the content reproduction
mode, as 1llustrated 1n FIG. 7B, a size of a display area 720
may be changed such that the size of the display area 1s
identical to a screen size (e.g. 21:9) corresponding to a
content selected by the user.

While watching the screen, the user may wonder infor-
mation of another channel. In this case, when the user
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requests information of the another channel, as 1llustrated in
FIG. 7C, the display apparatus 100 may further enlarge a
screen size of the flexible display apparatus 730, to thereby
distinguish between a main area 731 to display a basic
content and a sub area 733 to display additional information.

The distinguished sub area 733' may display information
of another channel as illustrated 1n FIG. 7D. Meanwhile,
according to an embodiment, the sub area 733" may display
not only information of another channel but also a notifica-
tion message received by another apparatus within a home
network.

In addition, when the user selects another content 1n the
sub area 733, the display apparatus 750 may change a screen
s1ze such that the screen size 1s identical to a screen size
corresponding to the selected content, and display the con-
tent having the changed screen size as 1llustrated in FIG. 7E.

FIGS. 8Ato 8C are views 1llustrating an example of a user
interface window when a display apparatus 1s 1 a music
reproduction mode according to various embodiments of the
present disclosure.

Referring to FIG. 8A, a display area 810 1s configured to
only display a basic Ul element, such as information regard-
ing music content currently being reproduced. In this case,
when a user requests a reproduction list, the display appa-
ratus 100 may enlarge a size of a display areca 820, as
illustrated 1n FIG. 8B, to display the reproduction list larger.

Referring to FIG. 8B, the display area 820 which has been
enlarged 1n a horizontal direction may display a current
reproduction list of the apparatus 1n the form of list.

When a user selects any one from among a displayed
reproduction list, the display apparatus 100 may, to repro-
duce the corresponding content, change a screen size of the
flexible display 830 such that the flexible display 830 has a
screen size corresponding to the corresponding content, and
display the user selected content i an enlarged size as
illustrated in FIG. 8C.

FIGS. 9A to 9C are views illustrating an example of a user
interface window when a display apparatus 1s 1n a smart
home mode according to various embodiments of the pres-
ent disclosure.

Referring to FIGS. 9A to 9C, the smart home mode 1s an
areca which controls another terminal apparatus directly
connected to the display apparatus or home appliances
within a home network, and the like, or which provides
information to check a state of the corresponding apparatus.
Accordingly, when a user selects the smart home mode, a
display area 910 1s configured to display a Ul eclement
corresponding to the each of terminal apparatuses currently
connectable with the display apparatus in a mimmimum size
(e.g., terminal apparatuses 10-1 through 10-5).

When the user selects any one from among a plurality of
displayed apparatuses, the display area 920 may together
display an operation Ul element corresponding to the
selected apparatus as illustrated 1n FIG. 9B.

If necessary, a display arca 930 may be enlarged as
illustrated 1 FIG. 9C, and display information correspond-
ing to the apparatus selected by the user in a large screen.

FIGS. 10A to 10B and 11A to 11B are views illustrating,
examples of an operation when the length of a display
apparatus may be adjusted 1n a vertical direction according
to various embodiments of the present disclosure.

Referring to FIGS. 10A and 10B, a display area 1010 1s
configured to only display a simple Ul element, such as
information of a music content currently being reproduced.
In this case, 1t a user wants to watch a music video of the
music content currently being reproduced and gives a com-
mand through a voice message, the display apparatus 100
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may retrieve a video content corresponding to the corre-
sponding music content, and change a screen size of the
flexible display 110 such that the screen has a screen ratio
(for example, 16:9) corresponding to the retrieved video
content. Then, the display apparatus 100 may display the
retrieved video content 1n a changed display area 1020.

Meanwhile, 1t was described above that a lower end of the
display area 1010 1s rolled and 1t extends upward; however,
the tlexible display may be as well embodied in such a
manner that an upper area of the flexible display 1s rolled and
it extends downward.

Referring to FIGS. 11A and 11B, a display area 1110 1s
configured to only display a simple Ul element, such as
information corresponding to a music content currently
being reproduced. In this case, 1if a user wants to watch a
music video of the music content currently being reproduced
and gives a command using a remote controller, the display
apparatus 100 may retrieve a video content corresponding to
the corresponding music content, and change a screen size
of the flexible display 110 such that the screen has a screen
ratio (for example, 16:9) corresponding to the retrieved
video content. Then, the display apparatus 100 may display
a video content retrieved in a changed display area 1120.

Meanwhile, 1t was described above that a size of a display
area 1s gradually enlarged according to a user’s manipula-
tion; however, according to an embodiment, a size of a
display area may as well be reduced according to a user’s
mampulation.

In addition, 1t was described above that when a content to
be displayed i1s changed, a screen size 1s changed to corre-
spond to the changed content, and the content 1s displayed
in a screen having the changed size. However, according to
the present embodiment, a screen size of the flexible display
110 1s changed physically, and thus, the changing process
may take some time. Accordingly, it will be described below
as to 1n which form a content 1s to be displayed while a
screen size 1s being changed.

First, as a first example, a size of an 1image corresponding,
to a content may be fixed and displayed while a screen size
of the tlexible display 1s being changed. In this regard, 1t will
be described with reference to FIGS. 12A to 12C.

FIGS. 12A to 12C are user interface windows, according,
to various embodiments of the present disclosure.

Retferring to FIG. 12A, a user interface window 1210 1s
configured to display a first content of a first screen size
(4:3). In this case, a user may 1nput a reproduction command
ol a second content of a second screen size (16:9). Since a
screen size of the second content i1s larger, the flexible
display 110 may be extended to the left and right by areas
1210a and 12105.

During an extension as such, a user interface window
1220 1s configured to display the second content according
to a current screen size as illustrated in FIG. 12B. However,
since a current screen size of the flexible display does not
have the screen size of the second content, the flexible
display 1s not able to display a screen corresponding to left
and right arecas 1220A, 1220B of the second content.

However, as a screen of the flexible display 110 1s
extended leftward and rightward additionally, a user inter-
face window 1230 may finally display the entire screen of
the second content as illustrated 1n FIG. 12C.

Meanwhile, in the method as illustrated 1n FIGS. 12A to
12C, a center arca may continuously display an image in the
transier process, which has the advantage that a change of an
image 1s not significant 1n the transfer process. However, 1t
has the drawback that some areas of the 1mage may not be
displayed.
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Accordingly, as a second example, a size of an 1mage
corresponding to a content may be changed and displayed
while a screen size of the flexible display 1s being changed.
In this regard, 1t will be described with reference to FIGS.
13A and 13B.

FIGS. 13 A and 13B are user interface windows, according
to various embodiments of the present disclosure.

In the case where 1t 1s necessary to make the extension as
described above, a user interface window 1320 may reduce
an 1mage of the second content and display the reduced
second content 1n a first screen of a current size (4:3). Since
a screen ratio of the second content differs from that of the
first content 1312, blank areas 1311, 1313 1n which no 1image
1s displayed are disposed in upper and lower areas of the
1mage.

Under the situation, a screen of the flexible display 110 1s
extended 1n the left and right directions, and a screen of the
second content 1s extended at a same ratio to correspond to
the speed of extension. A display area finally extended 1s to
have a ratio that corresponds to the second content, and thus,
the blank areas displayed in the transfer process are to
disappear as 1illustrated 1n FIG. 13B.

Meanwhile, 1t was described that a new content 1s dis-
played in the transier process; however, according to an
embodiment, an 1mage corresponding to a content selected
by a user may not be displayed while a screen size 1s being,
changed. In this regard, 1t will be described below with
reference to FIGS. 14A to 14C.

FIGS. 14A to 14C are user interface windows, according,
to various embodiments of the present disclosure.

Referring to FIG. 14A, a user interface window 1410
displays a first content of a first screen size (4:3). At this
time, a user may input a command to reproduce a second
content of a second screen size (169). Since a screen size of
the first content 1s larger, the flexible display 110 1s to be
extended 1n the left and right directions.

During an extension as such, a user interface window
1420 displays a Ul element corresponding to a graphic eflect
which 1s of no relevance to the first content and the second
content.

Then, when a screen of the flexible display 110 1s
extended completely, a user interface 1430 may display a
second content selected by a user as illustrated 1n FIG. 14C.

In addition, according to an embodiment, the aforemen-
tioned transier process may as well be embodied as the
combination of multiple transfer processes. For example,
from the combination of the embodiment of FIGS. 12A to
12C with the embodiment of FIGS. 14A to 14C, a second
content may be overlaid with a Ul element corresponding to
a graphic eflect and displayed while a screen size of the
display 1s being changed, as illustrated in FIG. 15A.

FIGS. 15A and 15B are user interface windows, according,
to various embodiments of the present disclosure.

Meanwhile, 1t was described above that an 1mage 1s
displayed while a screen size 1s being changed; however,
according to an embodiment, 1t may be that no image 1is
displayed at the time of when a screen size 1s changed. That
1s, while a screen size 1s being changed, an 1image displaying
operation may be stopped, and when the changing of screen
s1ze 15 complete, a changed content may be displayed.

Meanwhile, 1t was described above that when a user
selects a content, a screen size of the flexible display 1510
1s changed by areas 1510a and 151056 to correspond to the
content selected by the user. However, according to an
embodiment, a screen size may be changed 1n response to
not only a change of a content but also a user manipulation,
a manipulation of another terminal apparatus, and the like.
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Specifically, 1t 1s presumed that the display apparatus
according to the present embodiment 1s a large-sized display
apparatus, and thus, a user does not change a screen size of
the corresponding display apparatus directly, but using an
instrument. Accordingly, it will be described various inter-
action methods to remotely control a screen size of a flexible
display apparatus below with reference to FIGS. 16A to

16C, 17A to 17D, 18, and 19.
Specifically, FIGS. 16A to 16C are views provided to

explain that a screen size of a tlexible display apparatus 1s
changed 1n response to a manipulation of an external mobile
apparatus according to various embodiments of the present
disclosure.

Referring to FIGS. 16A to 16C, a user watches a content
210 using a mobile apparatus 200. At this time, the user may
want to watch the content 210 1n the display apparatus 1610,
and mput a mirroring command. Accordingly, the display
apparatus 1610 mirrors a content 210 transmitted from the
mobile apparatus 200 and displays the content.

At this time, when the user changes a ratio of a content on
the mobile apparatus 200, the mobile apparatus 200 1s to
display an image 220 according to the changed ratio as
illustrated in FIGS. 16B and 16C.

That 1s, a blank area which does not display the corre-
sponding 1mage 1s generated in the mobile apparatus 200.
However, the display apparatus 1620 recognizes that a ratio
of 1mage of a content 1s changed, and changes a screen size
corresponding to the changed ratio. Accordingly, the display
apparatus 1630 1s to display an image 230 without additional
screen distortion.

FIGS. 17A to 17D are user interface windows according
to various embodiments of the present disclosure.

Referring to FIG. 17A, a user watches a content 930 using,
the mobile apparatus 200. At this time, when the user mirrors
the content A to the display apparatus 100, the display
apparatus 100 may display an 1mage corresponding to the
transmitted content and a display method of the mobile
apparatus 200.

At this time, referring to FIG. 17B, when the user rotates
the mobile apparatus 200, and a screen disposition of the
mobile apparatus 1s changed accordingly, the display appa-
ratus 100 may change a screen size to correspond to a ratio
of rotation of the mobile apparatus, and display the corre-
sponding content 930 of the changed screen size, as 1llus-
trated 1n FIG. 17D.

In addition, according to an embodiment, a screen ratio of
the display apparatus 100 may be changed not only by a
rotation operation of a mobile apparatus by the user but also
by mputting a touch gesture as 11 the corresponding content
were being transmitted externally, as 1llustrated 1n FIG. 17C.

FIG. 18 1s a user interface window according to an
embodiment of the present disclosure.

Referring to FIG. 18, the user may reproduce a content
stored 1n a wearable apparatus 1n a display apparatus. In this
case, the user may mput a particular touch gesture to the
wearable apparatus, wherein a control command corre-
sponding to the touch gesture i1s transmitted to the display
apparatus 100, and the display apparatus 100 may change a
screen size corresponding to the control command.

FIG. 19 1s a gesture using a remote control according to
an embodiment of the present disclosure.

Referring to FIG. 19, a user may manually change a
screen size of a display apparatus through an operation of
waving, from leit to right, a remote control terminal appa-
ratus 400 (that 1s, a remote controller) to operate a display
apparatus. For example, a screen may be extended through
an operation of waving a remote controller left and right.
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Also, a screen reduction command may be input through an
operation of shaking the remote controller up and down.

It was only described that a remote control 1s performed
using an apparatus other than a display apparatus; however,
a user may as well control a screen size of a display
apparatus through a voice, that i1s, a voice recognition
technology, or through a pre-registered motion behavior.

FIG. 20 1s a flowchart provided to explain a method for
controlling a display apparatus including a flexible display
according to various embodiments of the present disclosure.

Referring to FI1G. 20, a user may select at operation S2010
a content to be displayed 1n a flexible display. When such
change command 1s input, a size of a screen to display the
corresponding content may be determined, and a current size
ol a screen of the flexible display apparatus may be 1denti-
fied. Through this process, 1t may be determined whether 1t
1s necessary to change a current screen size of the tlexible
display apparatus.

As a result of determination, when change 1s necessary at
operation S2020, a screen size of the flexible display 1is
changed at operation S2030 to have a determined screen
S1Ze.

Upon determination, when change 1s not necessary, or the
change has been processed, at operation S2040 an image
corresponding to changed content may be displayed using
the flexible display.

By the aforementioned embodiment, a size of a flexible
display may be automatically changed adaptively according
to a size ol a content, thereby preventing a distortion of
image and an nethcient use of a display. In addition, a user
may experience various user environments in response to a
form of a display apparatus.

The aforementioned displaying method of the display
apparatus may be embodied as a program executable by a
program, and the program may be stored 1n a non-transitory
computer readable medium.

A non-transitory computer readable medium refers to a
computer readable medium that stores data semi-perma-
nently and not for a short period of time such as a register,
cache, memory, and the like. The aforementioned various
applications or programs may be stored in a non-transitory
computer readable medium such as a compact disc (CD), a
digital versatile disc (DVD), a hard disk, a Blu-ray disc, a
USB stick, a memory card, and a ROM.

FIGS. 21 and 22 are flowcharts provided to explain
specifically the determining operation of FIG. 20, according
to various embodiments of the present disclosure.

Referring to FIG. 21, first, a particular function of a
display apparatus may be executed at operation S2110.

When the corresponding function is performed, an 1image
form corresponding to the function may be generated and
displayed at operation S2120.

Then, data may be collected at operation S2130 1n real
time from a terminal apparatus (for example, home appli-
ances within a home network) connectable with the display
apparatus 100.

Then, main numerical figure may be extracted at opera-
tion S2140 from the collected data, and an 1mage 1s con-
verted 1n real time by applying a parameter corresponding to
a predetermined reference value at operation S2150. For
example, a color value corresponding to a predetermined
value from among warm and mild red-like colors and cold
and neutral blue-like colors may be substituted according to
a characteristic of temperature and information at operation
S2151. Alternatively, an effect corresponding to a predeter-
mined reference value may be submitted according to high
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and low of a numerical value at operation S2153. Such ellect
may be applied as a graphic effect described with reference
to FIGS. 14B and 15B.

Retferring to FIG. 22, first, a particular function of a
display apparatus 1s executed at operation S2210.

When the corresponding function 1s performed, an 1mage
form corresponding to the function may be generated and
displayed at operation S2220 and S2230.

Then, a screen ratio (or screen size) change may be
detected at operation 2240 using a sensor attached to a
flexible display.

Then, an 1mage may be converted at operation S2250 1n
real time by applying a parameter corresponding to a pre-
determined reference value based on the collected screen
information. Specifically, when a screen 1s stopped or is
being extended, a graphic motion may be adjusted accord-
ingly at operation S22351. Alternatively, the number of
objects and size of a graphic may be adjusted according to
a size conversion or ratio change of a screen at operation
S2253.

While the present disclosure has been shown and
described with reference to various embodiments thereot, it
will be understood by those skilled in the art that various
changes in form and t details may be made therein without
departing from the spirit and scope of the present disclosure
as defined by the appended claims and their equivalents.

What 1s claimed 1s:

1. A display device comprising:

a flexible display;

a roller configured to roll or unroll the flexible display;

a housing body configured to contain the flexible display;

and

at least one processor configured to:

based on a first mode being selected, control the roller
to move the flexible display 1n an upward vertical
direction to expose a first area of the flexible display
over the housing body,

while 1n the first mode, control the flexible display to

display a video content on the first area of the flexible
display,
based on a second mode being selected while 1n the first
mode, control the roller to move the tlexible display 1n
a downward vertical direction to expose a second area
smaller than the first area of the flexible display over
the housing body by reducing an area in which the
flexible display 1s exposed over the housing body, and

while 1n the second mode, control the flexible display to
display a text corresponding to information of a
selected audio content including a title and a singer of
the audio content on the second area of the flexible
display.

2. The display device of claim 1, wherein a size of the
second area of the flexible display 1s smaller than a size of
the first area of the flexible display.

3. The display device of claim 2, wherein the size of the
second area of the tlexible display 1s smaller than an area 1n
which the flexible display 1s not exposed over the housing
body 1n the second mode.

4. The display device of claim 1, wherein the at least one
processor 1s further configured to, 1n response to the first
mode being selected, determine a screen ratio of the video
content and control the roller to expose the first area of
which a ratio corresponds to the determined screen ratio.

5. The display device of claim 1, further comprising:

a motor configured to drive the roller to roll or unroll the

flexible display.
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6. The display device of claim 1, wherein the at least one
processor 1s further configured to, 1n response to a preset
event occurring, control the roller to expose a third area of
the flexible display over the housing body and control the
flexible display to display a user interface (Ul) element
corresponding to the preset event on the third area of the
flexible display, the third area corresponding to a size of the
Ul element.

7. A displaying method of a display device including a
flexible display, a roller configured to roll or unroll the
flexible display and a housing body configured to contain the
flexible display, the displaying method comprising:

based on a first mode being selected, controlling the roller

to move the flexible display in an upward vertical
direction to expose a lirst area of the flexible display
over the housing body;

while 1n the first mode, displaying a video content on the

first area of the flexible display;
based on a second mode being selected while in the first
mode, controlling the roller to move the flexible display
in a downward vertical direction to expose a second
area smaller than the first area of the flexible display
over the housing body by reducing an area in which the
flexible display 1s exposed over the housing body; and

while 1n the second mode, displaying a text corresponding
to information of a selected audio content including a
title and a singer of the audio content on the second area
of the flexible display.
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8. The method of claim 7, wherein a size of the second
area of the tlexible display 1s smaller than a size of the first
area of the flexible display.

9. The method of claim 8, wherein the size of the second
area of the flexible display 1s smaller than an area 1n which
the flexible display 1s not exposed over the housing body in
the second mode.

10. The method of claim 7, wherein the displaying of the
video content comprises:

in response to the first mode being selected, determining

a screen ratio of the video content and controlling the
roller to expose the first area of which a ratio corre-
sponds to the determined screen ratio.

11. The method of claim 7, wherein the controlling the
roller comprises driving the roller to roll or unroll the
flexible display through a motor included in the display
device.

12. The method of claim 7, the method further compris-
ng:

in response to a preset event occurring, controlling the

roller to expose a third area of the flexible display over
the housing body and displaying a user interface (UI)
clement corresponding to the preset event on the third
area of the tlexible display, the third area corresponding
to a size of the Ul element.
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